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base station. In one embodiment, the base station transmits a
network entry allowance indicator to assist the mobile station
in selecting the primary carrier. The network entry allowance
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METHOD OF NETWORK ENTRY IN OFDM
MULTI-CARRIER WIRELESS
COMMUNICATIONS SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation, and claims priority
under 35 U.S.C. §120 from nonprovisional U.S. patent appli-
cation Ser. No. 12/387,633, entitled “Method of Network
Entry in OFDM Multi-Carrier Wireless Communications
Systems,” filed on May 4, 2009, the subject matter of which is
incorporated herein by reference. Application Ser. No.
12/387,633, in turn, claims priority under 35 U.S.C. §119
from U.S. Provisional Application No. 61/050,277, entitled
“Control Structure, Ranging and Initialization Procedure for
Multi-band OFDMA Systems,” filed on May 5, 2008; U.S.
Provisional Application No. 61/156,574, entitled “Methods
for Configuring Multi-Carrier Transmission in OFDM Multi-
Carrier Systems,” filed on Mar. 2, 2009; U.S. Provisional
Application No. 61/154,022, entitled “Method of Network
Entry in OFDMA Multi-Carrier Systems,” filed on Feb. 20,
2009, the subject matter of which is incorporated herein by
reference.

TECHNICAL FIELD

The disclosed embodiments relate generally to wireless
network communications, and, more particularly, to network
entry in OFDM multi-carrier systems.

BACKGROUND

In current wireless communications systems, 5 MHz~10
MHz radio bandwidths are typically used for up to 100 Mbps
peak transmission rate. Much higher peak transmission rate is
required for next generation wireless systems. For example, 1
Gbps peak transmission rate is required by ITU-R for IMT-
Advanced systems such as the 4 generation (“4G™) mobile
communications systems. The current transmission technolo-
gies, however, are very difficult to perform 100 bps/Hz trans-
mission spectrum efficiency. In the foreseeable next few
years, only up to 15 bps/Hz transmission spectrum efficiency
can be anticipated. Therefore, much wider radio bandwidths
(i.e., at least 40 MHz) will be necessary for next generation
wireless communications systems to achieve 1 Gbps peak
transmission rate.

Orthogonal Frequency Division Multiplexing (OFDM) is
an efficient multiplexing protocol to perform high transmis-
sion rate over frequency selective channel without the distur-
bance from inter-carrier interference. OFDM has been
adopted by both IEEE 802.16m and LTE draft standards and
is anticipated to be a foundation of next generation wireless
communications systems. Based on OFDM, various multiple
access schemes such as OFDMA, OFDM/CDMA, and
OFDM/TDMA have been developed and utilized in multi-
user wireless systems.

FIG. 1 (Prior Art) illustrates two typical architectures to
utilize much wider radio bandwidth for OFDM systems. In a
traditional OFDM system, a single radio frequency (RF) car-
rier is used to carry one wideband radio signal, and in an
OFDM multi-carrier system, multiple RF carriers are used to
carry multiple narrower band radio signals. In the example of
FIG. 1, a traditional OFDM system 1 uses a single RF carrier
#1 to carry a wideband radio signal #1, transmitted through
one frequency channel #1 (i.e., 40 MHz Bandwidth, 4096
FFT). On the other hand, an OFDM multi-carrier system 11

25

30

35

40

45

55

2

uses four RF carriers #1-#4 to carry four narrower band radio
signals #1-#4, each transmitted through a corresponding 10
MHz frequency channel #1-#4 (i.e., 10 MHz Bandwidth,
1024 FFT).

An OFDM multi-carrier system has various advantages as
compared to a traditional OFDM system. First, an OFDM
multi-carrier system has lower Peak to Average Power Ratio
(PAPR) for uplink transmission because of smaller FFT size
for each carrier. Second, it is easier to support backward
compatibility with legacy OFDM systems. For example, the
frequency channels in an OFDM multi-carrier system are
partitioned into 10 MHz bandwidth to fit legacy WiMAX
systems. Third, current hardware design such as legacy PHY
layer design can be better reused by the same frequency
channel bandwidths and parameters. Finally, in an OFDM
multi-carrier system, it is possible to have more flexibility in
Mobile Stations (MSs) that support difterent number of car-
riers and perform different level of service capabilities.
Because of such advantages, OFDM multi-carrier systems
have become the baseline system architecture in IEEE
802.16m and LTE-Advanced draft standards to fulfill IMT-
Advanced system requirements. It is thus desirable to provide
a unified network entry procedure to enable the operation of
OFDM multi-carrier systems.

SUMMARY

A unified two-stage network entry procedure is provided
for a mobile station and a base station in an OFDM multi-
carrier wireless communications system. During a first stage
of common network entry procedure, the mobile station
selects one of the available radio frequency carriers as the
primary carrier to perform network entry and ranging. The
mobile station also exchanges multi-carrier capability infor-
mation with the base station. During a second stage of addi-
tional network entry procedure, the mobile station enables
multi-carrier transmission over multiple frequency channels
if both the mobile station and the base station support multi-
carrier capability. Before enabling multi-carrier transmis-
sion, the mobile station may optionally perform additional
ranging by transmitting a ranging request for a secondary
carrier. In response to the ranging request, the base station
may reply with a ranging response through the primary car-
rier.

In one novel aspect, the base station transmits a network
entry allowance indicator to assist the mobile station in select-
ing the primary carrier. The network entry allowance indica-
tor comprises information of preference of one or more avail-
able carriers. In one embodiment, such preference may be
based on load balancing condition. By receiving such infor-
mation from the base station, the mobile station is able to
select a carrier as its primary carrier and achieve load balance
during the initial stage of network entry procedure. In another
embodiment, such preference may be based on other network
parameters to serve other purposes such as avoiding sub-
carrier misalignment operation.

In another novel aspect, the unified two-stage network
entry procedure is compatible between both multi-carrier and
single-carrier base stations and mobile stations in an OFDM
wireless system. Based on the multi-carrier capability infor-
mation exchanged during the common network entry proce-
dure, the mobile station can determine whether to proceed to
the second stage of additional network entry procedure. If
either the mobile station or the base station supports single-
carrier capability, then network entry is performed only for
the primary carrier and no additional network entry is neces-
sary. On the other hand, ifboth the mobile station and the base
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station support multi-carrier capability, then the mobile sta-
tion may enable multi-carrier transmission after reconfigur-
ing its hardware and performing additional ranging for the
secondary carrier.

Other embodiments and advantages are described in the
detailed description below. This summary does not purport to
define the invention. The invention is defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, where like numerals indicate
like components, illustrate embodiments of the invention.

FIG. 1 (Prior Art) illustrates two typical architectures to
utilize much wider radio bandwidth for OFDM systems.

FIG. 2 illustrates a network entry procedure of an OFDM
wireless network in accordance with one novel aspect.

FIG. 3 is a flow chart of a method of network entry proce-
dure for OFDM multi-carrier systems in accordance with one
novel aspect.

FIG. 4 is a simplified block diagram of a multi-carrier base
station.

FIG. 5 is a simplified block diagram of a multi-carrier
mobile station.

FIG. 6 illustrates an example of common network entry
procedure without network entry allowance indicator.

FIG. 7 illustrates an example of common network entry
procedure with network entry allowance indicator.

FIG. 8 illustrates an example of selecting a primary RF
carrier for common network entry procedure to avoid sub-
carrier misalignment operation.

FIG. 9 illustrates network entry compatibility among
single-carrier and/or multi-carrier base stations and mobile
stations.

FIG. 10 illustrates an example of performing additional
network entry and enabling multi-carrier transmission in an
OFDM wireless system.

FIG. 11 illustrates the activation of a secondary carrier to
support data transmission over multiple carriers simulta-
neously in an OFDM wireless system.

FIG. 12 is a diagram of additional network entry with
ranging procedure before activating a secondary RF carrier
for data transmission in an OFDM wireless system.

DETAILED DESCRIPTION

Reference will now be made in detail to some embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings.

FIG. 2 illustrates a network entry procedure of an OFDM
wireless network 20 in accordance with one novel aspect.
OFDM wireless network 20 is a multi-carrier communica-
tions system that comprises a multi-carrier base station BS22
and a multi-carrier mobile station MS24. Both BS22 and
MS24 support four radio frequency (RF) carriers #1-#4. In
order to access the wireless network, MS24 needs to perform
network entry procedure with BS22 to synchronize the time
and frequency with BS22 and to negotiate other network
capabilities and parameters. As illustrated in FIG. 2, the net-
work entry procedure is divided into two stages: a first stage
of common network entry procedure and a second stage of
additional network entry procedure. During the common net-
work entry procedure, MS24 first select one of the RF carriers
(for example, RF carrier #2, as illustrated in FIG. 2) as the
primary RF carrier to perform network entry. MS24 also
exchanges its multi-carrier capability with BS 22 during the
common network entry procedure. During the additional net-
work entry procedure, MS24 may optionally perform addi-
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tional ranging procedure over a secondary RF carrier (for
example, RF carrier #3, as illustrated in FIG. 2). After the
ranging procedure is successfully completed, MS24 then
enables multi-carrier transmission such that data transmis-
sion is supported over both RF carrier #2 and RF carrier #3
simultaneously.

FIG. 3 is aflow chart illustrating a method of network entry
procedure in OFDM multi-carrier wireless network 20 in
more detail. MS24 starts with the first stage of a common
network entry procedure that can be used for either a single-
carrier or a multi-carrier mobile station. In step 30, MS24
scans all downlink carriers that might be available to perform
network entry. MS24 then establishes synchronization with a
downlink carrier in step 31. In step 32, MS24 receives infor-
mation from BS22 about whether the synchronized downlink
carrier is allowed to perform network entry. If the answer is
no, then MS24 goes back to step 31 and continues with the
next available carrier. If the answer is yes, then MS24 selects
that carrier as its primary carrier and proceeds to step 33 to
obtain uplink parameters of the primary carrier. In step 34,
MS24 performs ranging for the primary carrier. During the
common network entry procedure, MS24 also exchanges
basic capabilities and multi-carrier capabilities with BS22 in
step 35. The information exchanged in step 35 comprises
information such as whether BS22 and MS24 support single-
carrier and/or multi-carrier capability, the number of anten-
nas, and/or the number of RF carriers supported by BS22 and
MS24.

After ranging is successfully completed in the common
network entry procedure, MS24 then establishes provisioned
connection with BS22 over the primary carrier in step 36.
Next, MS24 enters the second stage of additional network
entry procedure. MS24 first decides whether to enable multi-
carrier transmission in step 37 after multi-carrier capabilities
have been exchanged with BS22. If the answer is no (for
example, BS22 does not support multi-carrier capability),
then MS24 proceeds to step 40 and starts with operation and
data transmission over the primary carrier. If the answer is
yes, then MS24 receives parameters of a secondary carrier
from BS22 in step 38. In step 39, MS24 performs ranging for
the secondary carrier. After ranging is successtully completed
in the secondary carrier, MS24 then enables multi-carrier
transmission in step 40 and is able to transmit data over both
the primary carrier and the secondary carrier simultaneously.

FIG. 4 is a simplified block diagram of a multi-carrier base
station BS22. BS22 comprises a common media access con-
trol (MAC) module 42, an adaptive multi-carrier controller
44, a plurality of physical layer modules (PHY1-PHY4 as
depicted), a plurality of RF transceivers (RF1-RF4 as
depicted), a plurality of antennas, and a multiplexer 46 that
interconnects the PHY modules and the RF transceivers.
Each PHY module, RF transceiver and antenna forms a trans-
mission module as depicted in FIG. 4. Each transmission
module corresponds to the operation of one RF carrier. Com-
mon MAC module 42 is coupled to both adaptive multi-
carrier controller 44 and the transmission modules. By using
a common MAC module, the MAC layer design remains
transparent to the underlying RF carriers and antennas. This
unified transceiver architecture for a multi-carrier base station
is particularly suitable for the unified network entry proce-
dure illustrated above with respect to FIG. 2 and FIG. 3.

FIG. 5 is a simplified block diagram of a multi-carrier
mobile station MS24. Similar to BS22 in FIG. 4, MS24 com-
prises a common MAC module 52, an adaptive multi-carrier
controller 54, a plurality of physical layer modules (PHY1-
PHY4 as depicted), a plurality of RF transceivers (RF1-RF4
as depicted), a plurality of antennas, and a multiplexer 56 that
interconnects the PHY modules and the RF transceivers.
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Again, by using a common MAC module, the MAC layer
design of MS24 remains transparent to the underlying RF
carriers and antennas. This unified transceiver architecture
for a multi-carrier mobile station is particularly suitable for
the unified network entry procedure in accordance with the
present invention.

In one novel aspect, during the common network entry
procedure, a base station may transmit a network entry allow-
ance indicator to a mobile station in assisting the mobile
station to make preferred primary carrier selection. FIG. 6
illustrates one embodiment for primary RF carrier selection
during the common network entry procedure. As illustrated in
FIG. 6, five mobile stations MS1-MS5 are in the process of
scanning available RF carriers and then selecting one of the
RF carriers as its primary RF carrier to perform network entry
with BS62. BS62 provides four carriers #1-#4 available for
the mobile stations to perform network entry, but BS62 does
not provide additional information on which of the carriers is
either a preferred or a non-preferred carrier. As a result, each
mobile station randomly selects one of the carriers as its
primary carrier. In the example of FIG. 6, MS1 selects carrier
#4, MS2 selects carrier #2, MS3 and MS4 each selects carrier
#3, and MSS5 selects carrier #1 as the primary carrier, respec-
tively. If such random selection of primary carrier results in
load unbalance, then BS62 has to use intra-cell handover
procedure to switch the primary carriers of the mobile sta-
tions.

FIG. 7 illustrates another embodiment for primary RF car-
rier selection during the common network entry procedure. In
the example of FIG. 7, base station BS62 transmits a network
entry allowance indicator 72 to the mobile stations MS1-
MSS. Network entry allowance indicator 72 comprises infor-
mation such as whether a particular carrier is preferred to be
used as the primary carrier. Such preference may be based on
load balancing and other network parameters. In the example
of FIG. 7, carrier #1 has the lightest load and is preferred to be
used as the primary carrier. By receiving such information
from BS62 via network entry allowance indicator 72, mobile
stations MS1-MS5 are able to select RF carrier #1 as its
primary carrier and achieve load balance during the initial
stage of network entry procedure. In addition to the initial
network entry, the proposed allowance indicator can also be
used in handover reentry procedures.

FIG. 8 illustrates an example of selecting a primary RF
carrier during common network entry procedure to avoid
sub-carrier misalignment operation. In addition to achieving
load balance, a network entry allowance indicator may serve
other purposes in assisting the selection for primary carrier. In
an OFDM system, sometimes the center frequency of a radio
signal transmitted over each frequency channel is not the
same as the ones defined in the OFDM system. As illustrated
in FIG. 8, multi-carrier base station BS82 supports two RF
carriers: carrier #1 and carrier #1. Carrier #1 carries radio
signal #1 and is transmitted by frequency channel #1. Carrier
#2 carries radio signal #2 and is transmitted by frequency
channel #2. The center frequency of radio signal #1 aligns
with the predefine center frequency of frequency channel #1,
while the center frequency of radio signal #2 is shifted from
the center frequency of frequency channel #2. As a result,
multi-carrier mobile station MS84 may not be able to connect
with BS82 through frequency channel #2 due to unknown
center frequency at initial stage. In the example of FIG. 8,
BS82 transmits a network entry allowance indicator 86 to
MS84, guiding MS84 to select carrier #1 as the primary
carrier. Thus, MS84 will not waste additional time to scan the
rest carriers with which it would have difficulty to establish
connection.
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In another novel aspect, during the common network entry
procedure, mobile stations and base stations also exchange
multi-carrier capabilities such that the unified two-stage net-
work entry procedure is compatible with both single-carrier
and multi-carrier base stations and mobile stations. FIG. 9
illustrates network entry compatibility among single-carrier
and multi-carrier base stations and mobile stations in an
OFDM wireless system 90. OFDM wireless system 90 com-
prises a mixed of single-carrier and multi-carrier base stations
and mobile stations, for example, a single-carrier base station
BS92, a multi-carrier base station BS96, a single-carrier
mobile station MS94, and a multi-carrier mobile station
MS98. In a first scenario, multi-carrier MS94 performs net-
work entry with single-carrier BS92, which only supports RF
carrier #1. Under the novel two-stage network entry proce-
dure, MS94 first selects carrier #1 as the primary carrier and
performs ranging during the first stage of common network
entry. Because BS92 does not support multi-carrier capabil-
ity, the second stage of additional network entry is no longer
needed. In a second scenario, single-carrier MS98 performs
network entry with multi-carrier BS96. MS98 only supports
RF carrier #1 while BS96 supports four RF carriers #1-#4.
Under the novel two-stage network entry procedure, MS98
selects carrier #1 as the primary carrier and performs ranging
during the first stage of common network entry. Because
MS98 does not support multi-carrier capability, the second-
stage of additional network entry is no longer needed. Thus,
the unified two-stage network entry procedure is compatible
for both multi-carrier and single-carrier base stations and
mobile stations in OFDM wireless system 90.

If both base stations and mobile stations support multi-
carrier capabilities, then the second stage of additional net-
work entry procedure can be performed after the selection of
primary carrier and the exchange of multi-carrier capabilities.
FIG. 10 and FIG. 11 illustrate an example of performing
additional network entry and enabling multi-carrier transmis-
sion in an OFDM wireless system 100. OFDM wireless sys-
tem 100 comprises a multi-carrier base station BS102 and a
multi-carrier mobile station MS104. BS102 supports trans-
mitting radio signals over four 10 MHz carriers #1-#4 desig-
nated by system operator, and MS104 supports transmission
over 2x10 MHz carriers utilizing 2048 FFT. As illustrated in
FIG. 10, MS104 selects carrier #1 as the primary carrier and
turns on the center 1024 FFT to support 10 MHz carrier #1 for
initial network entry. MS104 only transmits 10 MHz wave-
form radio signal by nulling the FFT out of the center 1024
points. MS104 controls its frequency synthesizer for adjust-
ing the center frequency for scanning the downlink signals
transmitted from BS102. As a result, the center frequency of
MS104 is the same as carrier #1.

FIG. 11 illustrates the activation of a secondary carrier to
support data transmission over multiple carriers simulta-
neously in OFDM wireless system 100. In the example of
FIG. 11, MS104 activates carrier #2 as its secondary carrier
for multi-carrier transmission. When activating the secondary
carrier, MS104 has to shift its center frequency location to
ensure its 2048 FFT can cover the bandwidth of both carrier
#1 and carrier #2. Thus, MS104 will need some time to
reconfigure its RF frequency synthesizer and baseband hard-
ware. In addition, MS104 will need to enable the software
control entity for processing the signaling over the secondary
carrier. As aresult, it is desirable to reserve a short time period
for MS104 to reconfigure and then perform ranging before
enabling multi-carrier transmission.



US 9,220,103 B2

7

FIG. 12 is a diagram of additional network entry with
ranging procedure before activating a secondary RF carrier
for data transmission in an OFDM wireless system. In the
example of FIG. 12, a primary carrier is used to carry radio
signals through frequency channel #1, and a secondary carrier
is used to carry radio signals through frequency channel #2.
After the primary carrier has been selected for initial ranging
and connected for data transmission, the mobile station per-
forms additional ranging procedure for the secondary carrier.
The mobile station transmits ranging requests 122 and 124
using ranging channel 126 and 128, respectively. Typically,
the base station may reply a ranging response through the
secondary carrier. As illustrated in FIG. 12, however, the base
station may reply ranging response 130 through the existing
connection in the primary carrier. Therefore, communication
through the primary carrier will not be disrupted when the
mobile station performs ranging through the secondary car-
rier.

Although the present invention has been described in con-
nection with certain specific embodiments for instructional
purposes, the present invention is not limited thereto. Accord-
ingly, various modifications, adaptations, and combinations
of various features of the described embodiments can be
practiced without departing from the scope of the invention as
set forth in the claims.

What is claimed is:

1. A method, comprising:

(a) performing a common network entry procedure using a
primary radio frequency (RF) carrier by a mobile station
in an OFDM wireless network, wherein the mobile sta-
tion obtains uplink parameters of the primary carrier and
performs ranging for the primary carrier;

(b) exchanging multi-carrier capability information with a
base station, wherein the multi-carrier capability infor-
mation comprises information on number of carriers that
can be simultaneously supported by the mobile station
and the base station; and

(c) enabling multi-carrier transmission over multiple fre-
quency channels if both the mobile station and the base
station support multi-carrier capability.

2. The method of claim 1, further comprising:

(d) obtaining the primary RF carrier to perform the com-
mon network entry procedure based on a network entry
allowance indicator received from the base station.

3. The method of claim 2, wherein the obtaining in (d)
involves scanning a plurality of carriers and selecting one of
the carriers as the primary RF carrier to perform the common
network entry procedure based on the network entry allow-
ance indicator.

4. The method of claim 3, wherein the network entry allow-
ance indicator comprises information of preference of one or
more available carriers.

5. The method of claim 3, wherein the network entry allow-
ance indicator comprises information of loading of one or
more available carriers.

6. The method of claim 1, wherein the common network
entry procedure comprises operations to support either an
initial network entry or a handover network reentry.

7. The method of claim 1, further comprising:

(d) performing ranging using a secondary carrier before

enabling multi-carrier transmission; and

(e) receiving a ranging response for the secondary carrier.

8. The method of claim 7, wherein the secondary carrier is
the carrier that the mobile station did not perform network
entry operation with the base station.

9. The method of claim 7, wherein a ranging response for
the secondary carrier is replied through the primary carrier.
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10. The method of claim 1, wherein a secondary carrier is
enabled for multi-carrier transmission, and wherein the
enabling in (c) involves shifting center frequency and recon-
figuring hardware of the mobile station.

11. A wireless device, comprising:

a first transmission module that is operable in a first radio

frequency (RF) carrier by a first frequency channel;

a second transmission module that is operable in a second
RF carrier by a second frequency channel; and

an adaptive multi-carrier controller that selects the first RF
carrier to perform a common network entry procedure
with a base station in an OFDM wireless network,
wherein the wireless device exchanges multi-carrier
capability with the base station and thereafter enables
the second RF carrier for data transmission over the
second frequency channel if the base station supports
multi-carrier capability, and wherein the multi-carrier
capability comprises information on number of carriers
that can be simultaneously supported by the wireless
device and the base station.

12. The wireless device of claim 11, wherein the adaptive
multi-carrier controller selects the first carrier based on a
network entry allowance indicator provided by the base sta-
tion.

13. The wireless device of claim 11, wherein the wireless
device performs a second ranging for the secondary carrier
before enabling the second carrier for data transmission.

14. The wireless device of claim 13, wherein the wireless
device receives a ranging response for the secondary carrier
through the first frequency channel.

15. The wireless device of claim 11, wherein the secondary
carrier is adjacent to the first carrier, and wherein a center
frequency for data transmission is shifted before enabling the
second carrier.

16. The wireless device of claim 11, further comprising:

a common MAC layer that is coupled to both the first and
the second transmission modules, wherein the common
MAC layer is also coupled to the adaptive multi-carrier
controller.

17. A method, comprising:

(a) receiving a network entry request by a base station for
a primary radio frequency (RF) carrier from a mobile
station in an OFDM wireless network;

(b) exchanging multi-carrier capability information with
the mobile station, wherein the multi-carrier capability
information comprises information on number of carri-
ers can be simultaneously supported by the mobile sta-
tion and the base station; and

(c) receiving data signals over multiple frequency channels
if both the mobile station and the base station support
multi-carrier capability.

18. The method of claim 17, further comprising:

(d) providing a network entry allowance indicator to the
mobile station, wherein the network entry allowance
indicator comprises information of preference of one or
more radio frequency carriers.

19. The method of claim 17, further comprising:

(d) receiving a second network entry request for a second-
ary carrier before receiving data signals over the second
carrier; and

(e) transmitting a ranging response for the secondary car-
rier.

20. The method of claim 19, wherein a ranging response for

the secondary carrier is replied through the primary carrier.
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